Aim: The present study was carried out with the objective of comparing the compressive strength and setting time of four experimental nanohybrid mineral trioxide aggregates (MTAs) and angelus MTA.
INTRODUCTION
The use of MTA in dentistry as a material for sealing the ends of the roots began after retrograde surgeries. Nowadays, these materials have a variety of applications, such as closing perforations on pulp chamber floor, 1 repairing furcation perforations 2 and creating apical barrier, 3 coating material after pulpotomy in permanent teeth 4 and primary teeth, 5 filling the roots of primary teeth 6 and undeveloped permanent teeth 7 and developed teeth, 8 apexification of undeveloped teeth with necrosis pulp, 9 and sealer on the tooth root. 10 Improving MTA's mechanical and physical properties will be among the priorities, given the sensitivity of using MTA, especially in maintaining pulp vitality and creation of apical barrier. Nowadays, different restorative materials and root fillers are available, such as amalgam, resin composite, ethoxybenzoic acid cement, glass ionomer cement, gutta-percha, and zinc oxide-eugenol cement. Their significant disadvantages, however, are microleakage, toxicity, and susceptibility to moisture.
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The MTA is a filling material with high sealing properties and high biocompatibility 11 but has a low early compressive strength. Its strength in the first 24 hours is 40 MPa, which reaches 67 MPa after 3 weeks, and is significantly less than amalgam (compressive strength of amalgam is 311 MPa). 12 Its setting time is higher than amalgam, super ethoxybenzoic acid, and intermediate restorative material, and is about 2 hours and 45 minutes. Longer setting time leads to having more contaminated material in the oral environment and restorative material being placed on it in pulp capping with less security. In addition, the time that the cement is washed in the mouth will increase. 13 Thus, unfortunately, its use in dentistry is limited due to the long setting time and low compressive strength compared with other dental WJD materials. 12 Structure and chemical composition of MTA make working with this material very difficult in the dental office. 14 Several studies [15] [16] [17] [18] [19] have shown that the use of both white and gray MTA causes tooth discoloration due to the release of metal ions; this limits the use of MTA in the treatment of perforation pulp capping and pulpotomy, especially in esthetic areas. 15 Attention has been paid to applications of nanotechnology in the field of cement along with the development of this science in various industries. Various oxides on the nanoscale have been used to improve physical and mechanical properties and durability of cements, 17 such as silica nano-oxide, 18 titanium, and aluminum oxide. Using these particles can improve the properties of cement due to their surface area, high reactivity, and ability to enable functionality. 19 The present study aims to assess the effect of addition of nano-TiO 2 , nano-zirconia, nano-SiO 2 , and nano-Al 2 O 3 to compressive strength and setting time of four experimental formulations of MTA and angelus MTA.
MATERIALS AND METHODS
The MTA samples studied are based on International Organization for Standardization (ISO) guidelines. A total of 115 samples were prepared, considering the number of samples examined in the research. A total of 100 samples were considered for compressive strength testing (10 samples from each group and two periods), and 15 samples were considered to test setting time (three samples in each group). Selection and preparation of samples were carried out nonrandomly and easily. The sample size to evaluate the compressive strength test was a diameter of 4 mm and thickness of 6 mm, and the sample size to evaluate the setting time was a diameter of 10 mm and thickness of 2 mm. This was an in vitro experimental study done on experimental nanohybrid MTA and angelus MTA samples. The experimental groups are with the base of Portland cement, containing nanoparticles of zirconia, aluminum oxide, titanium, nanosilica, and gypsum and bismuth trioxide, with differences in the four groups (Table 1) .
Compressive Strength
Powder and water were mixed in commercial samples at a weight ratio (with the help of Acculab digital scale with an accuracy of 0.0001 gm) set by the factory (3:1), to achieve sandy gravel consistency, and were mixed in experimental samples until putty consistency was achieved. These were then placed in generators: internal dimensions with a diameter of 4 ± 0.1 mm and thickness of 6 ± 0.1 mm, made of stainless steel (ISO 9917-1). Ten samples were prepared for each material group. The samples prepared were taken out of the generator after a 3-minute initial setting time. Samples with cracks, bubbles, or surface irregularities were excluded from the study. Normal and perfect samples were stored at a temperature of 37°C and humidity of 95% ± 5% and were tested after 24 hours and a month, using a Universal Testing Machine (Zwick/Roel Z020/Zwick GmbH and Co. KG, Germany) ( Fig. 1 ) at a speed of 0.05 mm/minute.
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Setting Time
According to ISO 6876 2012, mixed samples were placed inside circle generators with a diameter of 10 mm and thickness of 2 mm; three samples were prepared for each group of material. 20 After mixing the materials in accordance with the manufacturer's instructions, initially the timer (Akai timer China stopwatch with an accuracy of one-hundredth of a second) was set to zero, and the timer was turned on
Figs 1A to C: (A) Samples made from each group to measure compressive strength test; (B) generator made of stainless steel that was used to test compressive strength; and (C) universal testing machine (Zwick Z020, Germany) 
after mixing. The surface of the sample was smoothed by a clean metal spatula after pressing it inside the generator. The head of the device was placed on a horizontal surface of material at intervals of 30 seconds for 5 seconds. 20 This device has two needles-the initial needle has a diameter of 2.12 mm and a weight of 113.4 gm, whereas the other needle has a diameter of 1.06 mm and a weight of 453.6 gm. The effect of needle dents shows the lack of hardening of the material examined. Setting time was considered from the time of mixing the material until the time when no cracks could be created on the surface of the sample. The collected data were analyzed using SPSS version 16. Normality of the data distribution (p = 0.307) was confirmed using Kolmogorov-Smirnov test. As a result, parametric statistical methods have been used for making comparisons. A paired t-test was used to compare the results of the compressive strength as well as the initial and final setting times in each group. Repeated measures analysis of variance was used to compare compressive strength in groups with each other and at different times, as well as to compare the setting time in groups with each other with respect to the initial and final times; p < 0.05 was considered statistically significant in this study.
RESULTS
Findings related to Compressive Strength
The average compressive strengths of commercial MTA and four types of experimental MTA after 24 hours and 30 days are shown in Table 2 .
As shown in Table 2 , average compressive strength in all groups after 30 days has a significant difference with this average over 24 hours, and this difference is statistically significant (p < 0.001). In fact, time is a factor influencing the compressive strength.
It is determined, based on Table 2 , that the greatest compressive strength after 24 hours is related to the angelus. Group P has the lowest and group Q has the highest compressive strength of Experimental Nanohybrid MTAs. Furthermore, the maximum compressive strength after 30 days is related to MTA of group Q, and its minimum amount is related to MTA of group S. The compressive strength of angelus group is also close to the compressive strength of groups S and P (Graphs 1 and 2). The statistical comparison between groups also showed that this difference is significant (p < 0.001). In other words, the type of group also affects the compressive strength.
Pair-wise comparisons of average compressive strength of angelus MTA and four types of experimental MTA after 24 hours are indicated as follows:
• The average compressive strengths of angelus, R and Q MTAs are significantly higher than P and S MTAs (p < 0.001).
• The average compressive strengths of P and S MTAs have no significant difference with each other (p > 0.05).
• The average compressive strengths of angelus, R and Q MTAs have no significant difference with each other (p > 0.05). 
Findings related to Setting Time
In the evaluation of setting time, initially all values were converted to seconds to make the analysis easier. In the end, results were again presented in minutes and seconds. The average setting time, initial and final setting times of commercial MTA, and four types of experimental MTAs are shown in MTA.
Based on the values in Table 3 , average initial setting time is less than the final setting time in all groups (Table 3 , Graphs 3 and 4). The results in Table 3 about setting time show that angelus group has the longest setting time. Furthermore, group P has the lowest and group G the longest setting time in experimental groups. The results of the final part are similar to the initial part. Again, the highest rate after angelus is related to group Q and its lowest is related to group P (Graphs 3 and 4) . The statistical comparison between groups also showed that this difference is significant (p < 0.05), and, in other words, the type of group affects the setting time. As shown in Table 3 , the average setting time has statistically significant difference in all groups in case of final time, compared with the initial time, and this difference is statistically significant (p < 0.05). In fact, time is the affective cause in the setting time.
DISCUSSION
The MTA was primarily introduced as a dental root endfilling material and was widely used in all areas of the root canal. 21 Mechanical properties, especially compressive strength, are very important in some cases, such as in sealing a massive perforation or immature root apex. The MTA is mainly a refined Portland cement, which has been formed of calcium and silica with bismuth oxide. 21 The MTA powder forms a colloidal gel when mixed with water, which is later converted into a hard structure in the presence of moisture. The MTA is a bioactive substance that can create apatite on its surface in the presence of phosphate. [22] [23] [24] [25] [26] In addition, MTA releases components in buffered phosphate saline that starts mineralization. 25 The combination feature of mixing may be affected by factors, such as the ratio of powder to liquid, mixing method (e.g., the amount of air bubbles trapped in the mix), amount of pressure used to compress humidity, type of MTA, the pH of environment, type of fluid mixed with the MTA powder, thickness, and temperature. [26] [27] [28] [29] In this study, a digital scale was used to make all measurement tools equal. In this way, the weight unit of drops was used, instead of their counting units. Furthermore, based on previous studies, the weight of the liquid removed from the emitters by different people is not the same, and factors, such as the method of removing drops, pressure on the emitter, and the stress level of the practitioner affect the weight of each drop brought out of the emitter. 30, 31 The special spatula, provided by the cement manufacturer, is usually used to take appropriate amounts of powder. The amount of powder taken out by a spatula is not the same in different attempts, not even when one person is using it. The digital scale was used once again in this study to solve this problem. The mixing method was selected based on what was mentioned in articles and scientific references. Samples were prepared by one person to avoid having different tastes in determination of homogeneity of mix, using eyes. The studies showed that MTA has better sealing ability and biocompatibility compared with other dental materials. 21 In addition, the presence of water does not reduce the sealing ability of MTA. 32 One of the biggest problems of this material is its long setting time (3-4 hours). 21 That is why it functions later in clinical terms. Gray MTA cement has a significantly longer initial and final setting time compared with white MTA. 33, 34 Longer setting time of white MTA compared with Portland cement is due to the lower sulfur content and higher calcium aluminate in white MTA. 27 In several studies, MTA modification has been carried out to shorten the setting time while maintaining its mechanical properties. 25 Nowadays, adding filler particles to cement to improve its features and reduce setting time has become very common. For example, cement properties have been experimentally evaluated by adding nanoparticles. 19 In general, amorphous or glass silica reacts with calcium hydroxide to form hydrated calcium silicate. Pozzolanic reaction is a chemical reaction that occurs in Portland cement, being, in fact, a simple acid-based reaction and is the reaction between calcium hydroxide (which is also called portlandite) and silicic acid (H 4 SiO 4 , or Si(OH) 4 ).
A lot of cements also have aluminate, which reacts with calcium hydroxide and water and forms hydrated calcium aluminate containing C 4 AH 13 and C 3 AH 6 . The Al 2 O 3 leads to immediate setting of cement. Gypsum (CaSO 4 .2H 2 O) is added to the cement to prevent this. 35 The amount of this reaction in time is proportional to the amount of available reactants; thus, using nanoparticles to increase the level of response seems like a good idea. Studies have shown that nanoparticles not only act as fillers to improve microstructures but also act as activators to start the reaction and accelerator of hydration.
In addition, the continued progress of hydration over time was observed in these studies in electron micrograph scanning. 36 It seems that the acceleration in the process of hydration has affected the improvement of the physical properties of cement. Black et al 37 increases hydration process and compressive strength. Most of the researchers support the idea that adding a small amount of nanoparticles to Portland cement increases the resistance to pressure, especially in the early stages.
Compressive strength testing is mainly used in industry for the evaluation of cement. In our study, compressive strength may be influenced by factors, such as conditions of mixing. However, these factors have similar effects on all groups and will not change the results.
Cement setting time has great clinical importance similar to other restorative materials because convenient features of materials are obtained after setting time. Based on EN 196-3 standard (2005), a minimum amount of water must be used for mixing with powder. In the meantime, water must be enough to an extent to make full hydration to occur.
In 2007, Ber et al 13 proposed 10 × 2 mm generators, and since then, measuring standards for setting time have been set based on these dimensions. 38 In this study, weights of 113.4 and 456.5 gm were used for initial and final setting times, similar to many studies of the Gilmore needle. So far, many efforts have been made to reduce the setting time, such as the addition of calcium chloride, polymer, and plasticizer. 39, 40 The initial and final setting times of Brazilian angelus MTA cement have been claimed by the manufacturer to be 10 to 15 minutes. Under standard conditions of research, the results of the present study are not in line with the manufacturer's claim. The present study indicates a significant difference with the manufacturer's claim. The results of our study were less than that of the study of Kogan et al, 41 which had differences in the testing method: That study used the Vicat method and indent has been done at intervals of 5 minutes, but the Gilmore needles, with 30-second intervals, have been used in our study. The results of our study are in line with the results of Chiang and Ding's study. 42 They reported times of 25:49 and 39:58 minutes.
Adding nanoparticles of alumina oxide to nanoparticles of titanium oxide significantly reduces the setting time. This difference can be related to higher surface area of the group containing surface area because it leads to faster reaction of the powder with the liquid. The results of the present study are in line with the study of Saghiri et al 43 , with the difference that a different element has been used in that study to produce nano white MTA. The WJD lowest time setting was related to group P, which is in line with what was said about setting reaction because P material has alumina, but lacks gypsum. The compressive strength of dental materials is among the factors that are important in loading during function. Studies on the MTA believe that this matter will be placed indirectly under load. 2 Based on the results of this study, compressive strength has had a significant increase from 24 hours to 30 days in all groups. According to Islam et al, 33 this is due to the continuous setting of material, which leads to increased strength and stability. A 24-hour compressive strength of angelus MTA in this study is consistent with the study of Kogan et al. 41 The 24-hour and 30-day compressive strengths of angelus MTA in the study are not consistent with the studies of Chung et al 44 and Tanomaru-Filho et al. 45 In the study of Chung et al, 44 MTA compressive strength in 24 hours has been reported to be about 18 MPa, which is much lower compared with the number reported in our study (30 MPa) . There are differences in the test method: plastic generators with a diameter of 4 mm and a height of 8 mm each have been used in that study. The samples have remained in the generator for 24 hours, while stainless steel generators, with a height of 6 mm, have been used in our study, and samples have been taken out of the generator.
In the study of Tanomaru-Filho et al, 45 24-hour and 21-day strengths are roughly half the amount reported in our study. There were differences in the method of experiments with this study. Samples prepared from each cement had 12 mm height and 6 mm diameter. However, in the present evaluation, each sample had 6 mm height and 4 mm diameter. This difference can be attributed to the operator mixing techniques. 46 Based on the results of this study, the experimental MTA groups had lower compressive strength compared with angelus MTA in 24 hours. This can be due to strong reactions between cement matrix particles and nanoparticles. Group P has the minimum amount of strength significantly, which is probably due to the agglomeration of nanoparticles in high percentages, which acts in the form of weaknesses and increases the brittleness of the material. It should be noted that the initial and final resistances of the material are independent of each other. If the reaction proceeds through hydrolysis instead of hydration, differences in the initial and 1-month compressive strengths of this group can be justified to some extent. Group Q showed the highest compressive strength in 30 days. In general, the 30-day compressive strengths of groups R and Q were greater than commercial MTA. This result is different from the result of compressive strength in 24 hours. The explanation is possible in this manner: nano particles' agglomeration acts as weaknesses in 24 hours, but on the contrary, it leads to continued hydration over time. Group Q has a smaller percentage of nanoparticles compared with other groups, and hence, it has a lower agglomeration level and shows a higher strength compared with other groups.
CONCLUSION
• Experimental MTA groups showed appropriate properties in setting time, which can be compared with angelus MTA group.
• Nano-oxide particles have significantly reduced the initial and final setting times. • Setting time claimed by the angelus MTA manufacturer is less than the results of this study.
• Compressive strength of experimental group Q in 30 days was reported to be significantly higher than those of other groups.
